We performed a geographical analysis of cancer mortality in the communes surrounding an industrial mining complex (Salsigne, France) where suspicious levels of pollution due to arsenic were measured. Compared with that observed in a control area, we showed a significant excess of mortality due to all cancer types (ratio of standard mortality ratios (ratio of SMRs) = 1.1), lung cancer (ratio of SMRs = 1.8), pharynx cancer (ratio of SMRs = 2.1) in the whole population, and due to digestive system cancer (ratio of SMRs = 1.3) among women. The results were similar after controlling for the occupation distribution in the populations. Excluding mining complex workers deaths from the deaths in the studied populations did not modify the pattern of our results. We concluded that the excess of cancer deaths could not be exclusively due to potential professional exposures among the workers of the mining complex and are probably explained by environmental contamination.
Introduction
The La Combe du Saut industrial mining complex has been in the Salsigne area (south of France), in the Orbiel river valley, for many years. Mining operations have been carried out as well as pyro-metallurgy and hydrometallurgy of gold, sulphur and arsenic ore.
A historical study of a cohort of workers at this industrial mining complex revealed an excess of lung cancer mortality, but was not able to control for smoking habits and other potential confounding factors (Simonato et al., 1994) .
Metrological campaigns have for many decades signalled suspicious levels of pollution due to arsenic in the Orbiel River, in crops, and in the atmosphere of the surrounding communes. Collective arsenic-induced intoxications due to atmospheric pollution in 1937, and to pollution of the Orbiel River in 1970 occurred in the surrounding communes (Javelaud, 1994) . Recently, arsenic levels were measured: 60 mg/l in the Orbiel River, 110-150 mg/ kg in Orbiel alluvium and 300 mg/kg in the soil in the surrounding communes (Syndicat intercommunal, 2000) .
A cancer incidence study could not be performed because none of the existing cancer registries cover this area. We decided to study cancer mortality in this area for the following reasons: the ancestry of potential exposure, the fact that the causes of deaths have been recorded in 'communes' (French electoral ward, smallest administrative area in France) in France since 1968, and the stability of this predominantly rural population.
Materials and methods

Data
Salsigne is located in the Aude 'département' (main administrative division of France) in the south of France.
The initial causes of death due to cancer from 1968 to 1994 by sex, year, 5-year age categories and commune of residence at the time of death were obtained from the Institut National de la Santé et de la Recherche Médicale (INSERM) . No data were available in France before this period.
Census data by commune for 1968, 1975, 1982, 1990 and 1999 were obtained from the Institut National de la Statistique et des Etudes Economiques (INSEE). The population was estimated from these data by linear interpolation, each year from 1968 to 1994 in each commune.
We obtained the distribution of occupations (farmer, artisan, executive, intermediary profession, employee, manual worker and non-working) for each commune from INSEE, for the 1975 INSEE, for the , 1982 INSEE, for the , 1990 censuses, as a percentage of the whole population in the commune. The previous occupations of retired people were not available for the 1975 census. As cancer is a disease that mainly affects the elderly, we did not take into account the distribution of occupations in this census. As shown in Table 1 , the distribution of occupations of employed or retired persons at the time of the census did not vary significantly between 1982 and 1990. We therefore decided to take into account only the distribution of occupations at the time of the 1982 census, in the middle of the period studied .
We also obtained the cases of death due to lung cancer that occurred in the historical cohort study of mining complex workers performed by the International Agency for Research on Cancer (IARC) (Simonato et al., 1994) . These data included the date of birth and of death, as well as the place of birth of each of the 36 workers who died of lung cancer in this cohort. Using these data, we obtained the commune of residence at the time of death of 32 of these 36 workers.
Analysis
To test the probability of an increase in cancer mortality in and around Salsigne, we defined an exposed area and a control area. The cancer mortality observed in these areas was compared with that expected from overall cancer mortality in France. Standardized mortality ratios (SMR) were thus obtained. SMR confidence intervals were calculated with the exact method (Breslow and Day, 1987) .
The SMR in the exposed area was then compared with that of the control area by estimating the ratio of the SMRs. As the confidence interval of a ratio of the SMRs cannot be calculated analytically, we performed simulations. The observed numbers of cancers in both the exposed and the control areas were supposed to follow Poisson distribution. For each ratio of SMRs, 100 000 pairs of values were simulated and their ratios calculated. The 2500th and the 97 500th of these ratios, classified in ascending order, were retained as the lower and upper limits of the 95% confidence interval of the ratio of SMRs.
The exposed area was defined as all the communes surrounding the La Combe du Saut industrial site. The exposed area covers approximately 206 km 2 and the industrial site is situated in the Orbiel river valley, in the heart of the exposed area. The average population density in this exposed area was 40 inhabitants/km 2 , with a maximum of 269 inhabitants/km 2 .
We chose a control area in close proximity to the exposed area with a similar age structure, sex ratio and socioeconomic status. It encompassed all the communes within 20 km of Salsigne that had not previously been included in the exposed area, with the exception of Carcassonne, Aussillon and Mazamet, which are intermediate cities with respectively 42 351, 7847 and 13 102 inhabitants. The average population density in the control area was 43 inhabitants/km 2 , with a maximum of 311 inhabitants/km 2 .
We defined three time periods (1968-1975, 1976-1985 and 1986-1994) in order to study the evolution of cancer mortality over time.
To verify the specific role of environmental contamination, we restricted our analysis to the adult male population and to the period covered by the IARC study (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (Simonato et al., 1994) .
As occupations exert a strong influence on the death rate for multiple cancer sites, we adjusted for occupations by introducing the proportion of each type of occupation as a co-variable in a Poisson regression model.
Results
The general characteristics of the exposed and control areas and of their respective population are described in Table 1 . Similar ages, occupations and population densities were observed.
From 1968 to 1994, 629 people died of cancer in the exposed area compared with 818 expected from overall cancer mortality in France (SMR = 0.77, 95% CI 0.71-0.83). The SMR in the control area was 0.69 (95% CI 0.67-0.72). A deficit of cancer mortality was therefore demonstrated in the two areas, as compared with the national level. The ratio of the SMRs between the exposed area and the control area was 1.1 (95% CI 1.0-1.2). This corresponded to a significant excess of cancer mortality of 11% in the exposed area compared with the control area. This excess was not contingent on sex and was higher between 1968 and 1975 (ratio of SMRs = 1.2, 95% CI 1.0-1.4) than between 1976 and 1985 (ratio of SMRs = 1.1, 95% CI 0.9-1.3) and between 1986 and 1994 (ratio of SMRs = 1.1, 95% CI 1.0-1.3) ( Table 2 ). There was an excess of 8 deaths due to cancer in Lastours, a commune in the centre of the exposed area (SMR = 1.4, 95% CI 0.9-2.0).
Compared with mortality in France, a significant 20% excess of lung cancer mortality (SMR = 1.2, 95% CI 1.0-1.5) in the exposed area and a significant 30% deficit (SMR = 0.7, 95% CI 0.6-0.8) in the control area were demonstrated. This corresponded to a significant excess of mortality of 80% (ratio of SMRs = 1.8, 95% CI 1.4-2.1) in the exposed area compared with the control area that was higher among men (ratio of SMRs = 1.9, 95% CI 1.5-2.3) than among women (ratio of SMRs = 0.9, 95% CI 0.4-1.8), but not significantly (p = 0.08). This excess of lung cancer mortality decreased significantly over time periods: it was higher between 1968 and 1975 (ratio of SMRs = 2.1, 95% CI 1.4-3.0) than between 1976 and 1985 (ratio of SMRs = 1.9, 95% CI 1.3-2.7) and between 1986 and 1994 (ratio of SMRs = 1.4, 95% CI 1.0-2.0) ( Table 2 ). All the SMRs for lung cancer higher than 1.6 were observed in the exposed area, with the exception of one commune.
A significant 110% excess of pharynx cancer mortality (ratio of SMRs = 2.1, 95% CI 1.0-3.8) was observed in the exposed area compared with the control area ( Table 2) .
A significant 30% excess of digestive system cancer mortality (ratio of SMRs = 1.3, 95% CI 1.0-1.6) was observed among women in the exposed area compared with the control area. This excess was not seen among men (Table 2) ; the interaction between the effect of sex and the area was significant (p = 0.02). As shown in Table  3 , this excess concerned non-significantly all digestive cancers individually except cancer of the pancreas and of the oesophagus.
Major causes of death due to cancer are presented in Table 4 .
In a Poisson regression model, the proportion of the nonworking population was associated with an increased risk of lung cancer mortality (p = 0.05), but no specific job category was associated with a significant effect on the risk of death due to this cancer type. No significant relation was observed between the proportion of inhabitants in any job category in 1982 and the risk of death for all cancers and pharynx cancer. Taking into account the percentage of the population in each commune in each job category did not modify our results concerning the excess of death observed in the exposed area. In particular, adjustment for the proportion of manual workers did not modify the ratio of SMRs for all cancer types (ratio of SMRs = 1.1, 95% CI 1.0-1.2), lung cancer (ratio of SMRs = 1.8, 95% CI 1.4-2.1) and pharynx cancer (ratio of SMRs = 2.1, 95% CI 1.1-3.9).
Discussion
We performed a geographical analysis of cancer mortality by commune from 1968 to 1994, in the Salsigne region in the south of France, where high environmental levels of arsenic have been measured. We showed a significant excess of 62 deaths due to cancer (95% CI 12-109), compared with a control area. There was a significant Cancer mortality in a mining area Dondon et al. 299
excess of mortality due to lung and pharynx cancer in the whole population and due to digestive system cancer among women. Our results were not modified when the proportions of manual workers in each commune were taken into account.
Although animal studies have been largely negative, a causal relation has been demonstrated between arsenic and cancer in humans, through respiratory exposure or through ingestion in drinking water (Hayes, 1997) . As regards its potential carcinogenicity, the IARC has classified arsenic in category 1, i.e. as carcinogenic to humans (IARC, 1987).
In general, geographical studies are not so powerful because, in such studies, it is not possible to perform individual adjustment on potentially confounding variables such as smoke and dietary habits, particularly if they are focused on lung and digestive cancer. Nevertheless, it is noteworthy that the control area we chose was very similar to the exposed area in terms of age, sex, population density, and professional status. In France, in addition to a north-east/south-west gradient, such variables are the major determinants of smoking habits (Salem et al., 1999 ). Although we were not able to obtain information about such habits in the exposed and control areas, the differences are probably very small. Similarly, in a given geographical area, age, sex, population density and the professional status are the major determinants of dietary habits. In addition, adjustment on the professional status did not modify our results. Thus, our results could hardly be attributable to differences between exposed and control areas concerning geographical and demographical risk factors, which play a role in lung and digestive cancer.
Only a small number of women worked in the mining complex. Thus, the significant excess of digestive cancer mortality observed among women cannot be explained by occupational exposure and is possibly explained by environmental contamination.
When our analysis was restricted to the adult male population and to the period covered by the IARC study (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) , we obtained a deficit of cancer mortality (SMR all cancer = 0.7, 0.6-0.8) and an excess of lung cancer mortality (SMR lung cancer = 1.4, 95% CI 1.1-1.7) in the exposed area as compared with the national level. These SMRs were lower than those observed in the IARC study (SMR all cancer = 0.8, 95% CI 0.7-0.9 and SMR lung cancer = 2.1, 95% CI 1.5-3.0) (Simonato et al., 1994) .
During the 1972-1987 period, we found an excess of 42 deaths (95% CI 31-51) due to lung cancer among men in the exposed area compared with the control area. During the same period, a total of 36 male workers from the IARC workers cohort died of lung cancer, of whom 23 had lived in the exposed area, 3 in the control area, 4 in the city of Carcassonne which was in the excluded area, and 2 in another area. The place of death was unknown for 4 of them. The IARC cohort study included all the men who worked for more than 1 year after 1954 and were alive and not lost to follow-up before 1972, i.e. 1363 workers (Simonato et al., 1994) . We did not know the total number of workers who lived in the exposed area and hence are not able to compute the lung cancer SMR for the exposed area, excluding the workers from the mining complex both from the number of deaths and from the populations at risk. Nevertheless, the excess of lung cancer we observed in the exposed area would necessarily remain significant when these workers are excluded.
Indeed, when all the 27 deaths due lung cancer in workers who may have lived in the exposed area were excluded (certainly = 23, place of death unknown = 4), 52 ( = 79-27) deaths due to lung cancer observed in the exposed area were not potentially linked to occupational exposure in mines. Of these 52 deaths, 15 could be considered in excess (95% CI 1-25), as compared with the 37 deaths expected from control area.
This excess number is an underestimation of the true excess, because workers were not eliminated from populations. Indeed, from a subcohort of 256 gold miners, we estimated that the workers from the mining complex represented probably about 20% of the population in the exposed area, but 4% of that in the control area. Thus the rate in the exposed area has been lowered by about 20%, but of 4% in the control area, and then the expected number (37) has probably been overestimated of about 17%.
The strong excess of lung cancer death we observed was specific of men, but, due to the rarity of this cancer in women, the difference of SMR between sexes was not significant (p = 0.08). Our results are in agreement with that of Besso et al. (2003) and Chen and Ahsan (2004) , who found lung cancer excess risk to be higher in men than in women. If not due to hazard, two possible explanations remain: the specific susceptibility of men or an interaction with other risk factors more frequent in the male population, for example smoking.
In conclusion, an excess of deaths due to lung, pharynx and digestive system cancers was observed in a predefined area encompassing the mining complex of Salsigne, as compared with that observed in a similar control area situated in close proximity. The excess of deaths due to lung cancer among men and to digestive cancer among women could not be exclusively due to potential occupational exposures among the workers at the mining complex and are possibly explained by environmental contamination.
